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The heat-labile endogenous pyrogen originally extracted from rabbit poly- 
morphonuclear leucocytes by Beeson (1) has subsequently been shown to have 
many characteristics which distinguish it from heat-stable exogenous pyrogens 
derived from bacteria  (2-4).  The circulating endogenous pyrogen which has 
recently been identified in the blood streams of rabbits (5,  6) and dogs (7-9) 
following the injection of bacterial endotoxins also has properties quite different 
from those of bacterial pyrogens (10,  11). 
The  leucocytic and  circulating endogenous pyrogens, on  the  other  hand, 
are strikingly similar; indeed,  they cannot be  distinguished on the  basis  of 
the  biological  criteria  presently  available  (7-9). 
Intravenously administered bacterial pyrogens regularly produce  a  leuco- 
penia  which precedes  the  onset  of fever  (10-14).  Subsequently,  the  febrile 
response is accompanied by the appearance in the blood of circulating endog- 
enous pyrogen (6-9).  Since bacterial endotoxins are known to be injurious to 
leucocytes (15-17),  it has been postulated that the fever which results from 
their injection is due to endogenous pyrogen released from injured leucocytes 
and transported v/a the blood stream to the thermoregulatory centers of the 
brain (6). 
The resultS of the following studies confirm the hypothesis that both leuco- 
cytic pyrogen and circulating endogenous pyrogen act directly upon thermo- 
regulatory centers in the  central nervous system. 
Methods 
A single  lot of typhoid vaccine (monovalent  reference  standard NRV-LS No. 1) made  from 
Salmonella typkosa V-58 was used as the bacterial pyrogen  in all experiments,  t The methods 
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of handling the rabbits and recording their temperatures,  s and the precautions taken to avoid 
contamination of solutions and glassware with extraneous bacterial pyrogens have been de- 
scribed in the preceding paper (18). 
Source of Pyrogens: 
1. Leucocytic Pyrogen.--Leucocytic  exudates  were produced  by  the  same  technique  as 
previously described  (18),  except for minor modifications. Physiologic saline, administered 
intraperitoneally by constant injection over a 3~ hour period, was given in 300 mi. amounts 
to each of 3 rabbits. The exudates were harvested 7~ hours after injection, pooled, and reduced 
to one-quarter of their original volume by being dialyzed against 12 per cent dextran solution,  s 
The concentrated pooled exudates were incubated for 18 hours at 37°C. and were centrifuged 
at 625 g for 20 minutes. The supernatant fluid was decanted and stored at 4°C. The centrtfu- 
gate was discarded. The pyrogen present in the supernatant  fluid was shown in preliminary 
experiments to be inactivated when heated at 90°C. for 30 minutes (3). 
2.  Circulating Endogenous Pyrogen (2 Hour Serum).--Sensitized  donors,  described in  a 
previous study (5), were used to provide 2 hour serum (5, 6) because they are known to clear 
exogenous pyrogen (typhoid vaccine) more rapidly than do normal (unsens/~ed) donors (6). 
They axe even less likely than normal donors, therefore, to have residual exogenous pyrogen 
in their blood streams after 2 hours. Each donor rabbit was given a standard inoculation of 1 
ml. of undiluted vaccine; 120 minutes later it was bled by intracardiac puncture. The blood 
was allowed to clot in a flask for 1 hour at 37°C., and the serum was removed and cleared by 
centrifugation after storage overnight at 4°C. The sera collected from several rabbits were 
pooled for each test. Before use the pools were shown to be bacteriologically sterile. 
3. Exogenous Pyrogen (5 Minute Serum).--Normal rabbits were inoculated with 1 ml. of 
undiluted typhoid vaccine and blood was withdrawn 5 minutes later. Five minute serum (5, 6) 
was used as the source of exogenous pyrogen for two reasons: first, because in such samples the 
bacterial pyrogen presumably has had time to combine with factors in the serum which in- 
fluence its actions (19), and secondly because/~ pyrogenic activity is approximately equiralent 
to ~hat of 2 hour serum (5) and is, therefore,  suitable  for comparison. The methods of withdrawing 
blood and separating the serum were the same as for 2 hour serum. 
Rationale of Comparing Responses to Intracarotid and Intravenous Injections: 
When a pyrogen is injected directly into the carotid circulation, the concentration reaching 
the thermoregulatory centers of the brain will, during the period of injection, be greater than 
when the same substance is injected intravenously (see Fig. 1). A pyrogen acting directly on 
the thermoregulatory centers of the brain would be expected, therefore, to cause a prompter 
and greater response than when injected intravenously. A pyrogen not acting directly on the 
brain would, on the other hand, be expected to cause a relatively slow response which would 
be the same regardless of the route of injection. 
Exploratory Experiments to Determine Optlmal Position of Intracarotld Catheter: 
The point at which the common carotid artery divides to send major branches to (a)  the 
ear, (b) the tongue and face, and (c) the brain (internal carotid) is difficult to visualize in the 
living rabbit. The approximate position of an intracarotid catheter, however, can be deter- 
I The method of calculatiag the fever indices was the same as in the preceding study (18) 
except that a cut-off point of 240  minutes was arbitrarily used because of the consistently 
longer responses produced by exogenous pyrogen. 
a Injection plavolex dextran  (6 per cent),  Wyeth Laboratories,  Inc.,  PhilsAelphia,  con- 
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mined by injection of 1 per cent aqueous methylene blue through the catheter. If the dye enters 
the internal carotid artery, the eye alone turns blue, whereas injection into the common carotid 
artery produces a blue color in the ear, eye, and tongue. This method was used to determine 
the initial position of the tip of the catheter and to check its intracarotid location at the time 
of testing several weeks after the original operation. 
In the earliest experiments a  single catheter was placed in the carotid artery. Unilateral 
catheterization, however, was found to be unsatisfactory in that the differences obtained in 
FIo.  1.  Diagrammatic representation of experimental method employed to compare the 
sites of action of endogenous and exogenous pyrogens.  (Drawing by Mr. Leon Schlossberg 
of the Department of Art as Applied to Medicine, Johns Hopkins Um'versity.) 
the febrile response to intracarotid and intravenous injections were inconsistent. It was rea- 
soned that the variability of results might be due to the fact that in some of the operated 
animals flow of blood through the catheterized vessel was so reduced as to allow the opposite 
artery to dominate the circulation of the circle of Willis. Such an imbalance of carotid blood 
flow might be expected to cause the injected pyrogen to pass directly into the middle cerebral 
artery and thus enter the venous circulation without reaching the thermoregulatory centers. 
For this reason bilateral catheterization was attempted. 
Both common carotid arteries were first ligated in 2 rabbits to determine the possible ill 
effects upon the central nervous system. The rabbits appeared healthy postoperatively, but 
manifested a  greatly depressed responsiveness to intravenous injections of both endogenous 
and exogenous pyrogens. Similarly, catheterization of both in/cr,a2 carotid arteries or cathe- 294  PATHOGENESIS  OF PEVER. IV 
terization  of  one common carotid  and ligation  of the other resulted  in cerebral  ischemia which 
irreversibly  depressed the thermoregulatory centers. 
Method Finally Adopted  for Pr@aring Rea:it,~ts: 
A successful method was eventually devised which involved catheterization of both commen 
carotid arteries. Although this procedure often caused some degree of cerebral isehemia, its 
depressive  effect upon  the  thermoregulatory centers proved  to  be consistently reversible. 
Within 3 to 4 weeks after operation, the centers were regularly found to be just as sensitive to 
intravenously injected pyrogen as they had been prior to operation. The operative technique 
finally adopted was as follows.  Each rabbit was anesthetized with intravenous pentobarbital 
and placed on its back. After the skin of the neck had been shaved with electric clippers, the 
carotid arteries were exposed through an anterior midline incision. With a  small half-circle 
eye needle, purse string sutures (size 5-0) were placed in each arterial wall in such a way that 
the lumens of the vessels were not entered. A small hole was then made in each vessel wall, 
within the purse string suture, by means of a  20 gauge needle. Polyvinyl catheters  4 were 
inserted cephalad for a distance of 3 cm. and were tightly secured by the purse string sutures. 
Before being inserted the catheters were filled with heparin and their distal ends were firmly 
tied. A loop was then made in each catheter between the point of exit from the vessel and an 
anchoring suture placed in the subcutaneous tissues. From these sutures the catheters were 
brought subcutaneously around to the back of the neck and out through a small skin incision. 
The wound in the anterior neck was then dosed. A  15 cm. length of each catheter was coiled 
and deposited in a subcutaneous "bank," a length of only 2 cm. being allowed to emerge from 
the skin. The incision was loosely sutured in such a manner as to permit additional lengths of 
the catheters to be withdrawn from the subcutaneous bank for future use. The rabbits were 
returned to their cages for a period of 3 to 5 weeks before being used for definitive experiments~ 
In order to prevent obstruction of the catheters, it was found necessary to refill them with 
heparin every 3 or 4 days. 
Method of Injection.- 
The  bilateral intracarotid injections were  performed  simultaneously through 25  gauge 
needles inserted into the ends of the carotid catheters. Each intravenous injection was made 
through a polyethylene catheter placed in the marginal ear vein at the time of injection. 
When 10 mh samples of 2 hour serum were rapidly injected ~/a the two routes, no significant 
difference was observed in the febrile responses. It was postulated that the failure of  a  dif- 
ference to occur might be due to the rapidity with which the intracarotid dose had been car- 
ried past the thermoregulatory centers. When the injections were  slowed,  the intracarotid 
responses without exception exceeded the intravenous. The optimal injection time was even- 
tually determined to be 45 minutes. All injections, both intracarotid and intravenous, were 
accordingly administered by constant infusion over a  period of 45 minutes. 
RESULTS 
L  Intravenous versus Intracarotid Injection of Leucocytic Extract (Endogenous 
Pyrogen).-- 
The febrile responses to intravenous and intraearotid injections of  10 ml. of leucocytic 
extract were compared in each of 3 rabbits. The routes of injection were alternated on succes- 
Surprenant Manufacturing Company, Clinton, Massachusetts; Internal diameter 0.015; 
outside diameter 0.025 inches. Use of this type of catheter was kindly suggested to us by Dr. 
Clifford Barger of the Department of Physiology of the Harvard Medical School. M. KENTON  KING AND W. BARRY WOOD, JR.  295 
sive days in each recipient. Two of the rabbits received the intracarotid  injection on the 1st 
day and the intravenous  injection on the 2nd day. In the third rabbit the injection sequence 
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FIG. 2.  Comparison of febrile responses to intracarotid and intravenous injections of leuco- 
cytic pyrogen. On the left is shown a representative pair of fever curves recorded in a single 
rabbit; on the right are the mean fever indices from 3 rabbits given the pyrogen by the two 
routes on successive days. 
TABLE I 
Comparison of Febrile Rea~ffons to Endogenous and Exogenous Pyrogens Given Slowly by 
Intracarotid and Intravenous Injections 
Source of pyrogen 
Leucocytes (en- 
dogenous) 
2  hour  serum 
(endogenous) 
5  minute serum 
(exogenous) 
Rabbit No. 
2-00 
2-01 
2-03 
2-00 
2-01 
2-03 
Feverindex* 
Intracarotid  I  Intravenous 
injection  injectioa 
10.6  6.3 
11.6  6.3 
8.6  7.2 
11.7 
13.0 
10.9 
7.1 
6.9 
5.4 
15.7 
21.2 
11.6 
2-00 
2-01 
2-03 
14.2 
15.0 
18.9 
Latent period (min.)$ 
Intmcarotid  Intravenous 
injection  injection 
I0  20 
10  20 
10  15 
5  25 
10  30 
15  20 
35  35 
35  45 
40  30 
* See Methods. 
Measured from time of 
(first O.I°C.). 
start of injection to beginning of continuing temperature  rise 
was reversed. In every instance, regardless of the sequence, the intracarotid  response was 
greater and more prompt than the intravenous. 
The results, which are summarized in Table I and are depicted diagrammati- 
cally in Fig. 2, clearly indicate that leucocytic pyrogen acts directly upon the 
thermoregulatory centers of the brain. 296  PATHOOENESIS  O~  ~EVER.  IV 
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FIO. 3.  Comparative pyrogenic effects of 2 hour serum given intravenously and ~/a carotid 
artery.  Graphs on left and right as in Fig. 2. 
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FzG. 4.  Comparative fever responses to 5 minute serum injected by intracarotid and intra- 
venous routes on successive days. In experiment shown in upper chart the intracarotid injec- 
tion was given first; in that shown in the lower chart the intravenous injection was given first. 
Note depressive effect of tolerance upon response to second injection. 
2.  Intravenous  versus Intracarotid  Injection  of 2  Hour Serum  (Endogenous 
Pyrogen).-- 
Identical experiments were performed with  10 ml. samples of 2 hour serum 
(endogenous pyrogen). The results, which were the same as those obtained with M.  KENTON KING AND W.  BARRY WOOD, JR.  297 
leucocytic pyrogen, are shown in Table I and Fig. 3. It is apparent that 2 hour 
serum also acts directly upon the central nervous system. 
3. Intravenous  versus  Intracarotid Injection  of 5  Minute Serum  (Exogenous 
Pyrogen).-- 
Analogous experiments with  10 ml. samples of 5 minute serum (exogenous 
pyrogen) yielded strikingly different results. As illustrated in Fig. 4, when the 
injections were performed on successive days,  the  phenomenon of tolerance 
(10, 11) was regularly encountered on day 2. Its presence caused a definite de- 
pression of the 2nd day response regardless of the route of injection (see Table 
TABLE II 
Effect of Injection Sequence upon Febrile Response to Exogenous and Endogenous Pyrogens 
Giren Slowly by Intra~arotid and Intravenous Routes 
Source of pyrogen 
5  rain. serum (ex- 
ogenous) 
hr. serum (en- 
dogenous) 
InJection 
sequence* 
Vein-artery 
Artery-vein 
Vein-artery 
Artery-vein 
Vein-artery 
Artery-vein 
Artery-veln 
Vein-artery 
Artery-vein 
Vein-artery 
Artery-vein 
Vein-artery 
Rabbit No. 
2-00 
2-01 
2-03 
2-00 
2-01 
2-03 
2-00 
2-01 
2-03 
2-00 
2-01 
2-03 
Fever index~: 
Intrscamtid (x) 
6.3 
15.0 
6.0 
14.2 
16.0 
18,9 
11.7 
13.0 
10.9 
10.1 
13.6 
10.1 
Intravenous  (y) 
15.7 
6.9 
11.6 
11.1 
21.2 
11.8 
7.1 
6.9 
5.4 
5.3 
9.3 
6.3 
Difference (z) 
minus (y) 
--9.4 
+8.1 
--5.6 
+3.1 
-5.2 
+7.1 
+4.6 
+6.1 
+5.5 
+4.8 
+4.3 
+3.8 
* Injections given on successive days. 
See Methods. 
II). In order to avoid the interfering effect of tolerance, the interval between 
the first and the second injections was lengthened to 3 weeks (10,  ll). When 
tolerance was  thus  avoided, no consistent difference could be demonstrated 
between  the  responses  to  the  intracarotid  and  intravenous  injections  (see 
Fig.  5  and Table I).  Furthermore, the latent period was  significantly longer 
than  that  encountered with either leucocytic pyrogen or 2  hour serum,  and 
the length of the latent period was uninfluenced by the route of injection (see 
Table I). 
These findings indicate that circulating exogenous pyrogen, even when pre- 
viously exposed to serum in v/to (19), acts, in the dosage range used in the 
present experiments, by a less direct mechanism than does endogenous pyrogen. 298  PATHOGENESIS  Ol~  I~EVER, IV 
4. Repetition of Experiments with 2 Hour Serum (Endogenous Pyrogen) Using 
Interval  of 3  Weeks  between Injections.- 
Inasmuch as it was necessary to interpose an interval of 3 weeks between the 
first and second injection of 5 minute serum in order to avoid interference from 
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Fro. 5.  Comparison of febrile responses to 5 minute serum resulting from successive intra- 
carotid and intravenous injections separated  by an interval of 3 weeks to avoid tolerance. 
Graphs on left and right as in Fig. 2. 
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FIG.  6.  Comparison of febrile responses to 2 hour serum resulting from successive intra- 
carotid and intravenous injections separated by an interval of 3 weeks in order to duplicate 
conditions of experiment summarized in Fig. 5. Graphs on left and right as in Fig. 2. 
tolerance, the experiments with 2 hour serum were repeated in such a way as 
to make them strictly comparable. The results obtained with a 3 week interval 
are shown in Fig. 6. It will be noted that they were exactly the same as those 
observed  following  daily  injections  (Fig.  3). 
The  conclusion  that  endogenous  pyrogen  acts  directly upon  the  central 
nervous system is thus further substantiated. M.  KENTON  KING  AND  W.  BARRY WOOD, JR.  299 
DISCUSSION 
The method employed in  the  present  study was  designed  to  distinguish 
pyrogens acting directly upon the central nervous system from those operating 
through  a  less direct mechanism.  It was based upon the assumption that  a 
directly acting pyrogen will cause a more immediate and greater febrile response 
when injected ~a the carotid artery than when given intravenously, whereas 
an indirectly acting one will cause the same response when given by either 
route. As might have been predicted a ~iori, the method effectively differenti- 
ates between the two types of pyrogens only when they are given by relatively 
slow infusions.  The slow injections are required because the  increased intra- 
cerebral concentration of pyrogen, resulting from intracarotid injection, must 
be  maintained  long  enough  for  the  thermoregulatory  centers  to  become 
activated, if an augmented response is to occur. Thus it is not surprising that 
in  preliminary  experiments  rapid  intracarotid  and  intravenous  injections 
failed to differentiate between the two types of pyrogens, which later  were 
shown to be clearly distinguishable by slower injections. 
The method finally adopted revealed that endogenous pyrogen, as it exists 
both in leucocytic exudates (3,  18) and in 2 hour serum (5, 6) causes a  more 
rapid  and  a  more pronounced fever when introduced ~a  the carotid artery 
than when injected intravenously. The exogenous pyrogen in 5 minute serum 
(5, 6), on the other hand,  caused a  relatively slow response which was unin- 
fluenced by the route of injection.  From these findings  it is concluded that 
endogenous pyrogen acts directly upon the central nervous system and that 
exogenous pyrogen, in the quantities present in 5 minute serum (5)i exerts a 
different action, which involves a  less direct mechanism. 
The question may be raised as to whether these same results might not also 
be explained by a  difference  in the rate at which the two forms of pyrogen 
penetrate the thennoregulatory centers. It might be reasoned that the failure 
of exogenous  pyrogen  to  cause a  greater  and  more prompt  response when 
injected into the carotid artery than when given intravenously is due to the 
fact that it does not activate the centers until after the injections have been 
completed. As will be noted from Figs.  4  and  5 and Table I,  however~ the 
febrile response  to exogenous  pyrogen has  been repeatedly shown  tobegin 
before the injection is discontinued. Since the concentration of pyrogen in the 
cerebral circulation is greater throughout the period of intracarotid injection 
than it is during the intravenous injection, a difference in the responses,  similar 
to that observed with endogenous pyrogen, should occur if the exogenous pyro- 
gen acted directly upon the thermoregulatory centers.  Inasmuch  as no such 
difference  could be demonstrated, it must be concluded that circulating exog- 
enous pyrogen acts by a different and less direct mechanism. 
Under special circumstances,  on the other hand, exogenous pyrogens do act 
directly  upon  the  thermoregulatory  centers  to  cause  fever. 300  PATHOGENESIS  01~  ~EVER.  IV 
By means of an ingenious technique Keene (20) has recently shown, for example 
that bacterial  endotoxins,  when injected  into the spinal  fluid in relatively minute 
quantities, produce prompt and stril~ing  febrile responses. This effect may be expiained 
by three facts. First, bacterial  endotoxins are notoriously cytotoxic substances  (10, 
15, 16); secondly, the thermoregulatory centers at the base of the brain are in close 
apposition to the subarachnoid space (21); and thirdly, these centers are highly sensi- 
tive to noxious stimuli (22), 
It has also been recently demonstrated by Bennett et al. (23) that bacterial endo- 
toxins regularly  "spill over" into the spinal fluid when given in relatively large in- 
travenous doses  to  animals  previously  made  leucopenic  with  nitrogen  mustard. 
Under these  circumstances,  the usual febrile responses to the endotoxin  occur de- 
spite the fact that endogenous pyrogens may not be easily demonstrated in the circu- 
lation. This observation  has led to the suggestion that the endotoxin in the spinal 
fluid, rather than the endogenous pyrogen in the blood stream, acts upon the thermo- 
regulatory centers  to cause the fever  (23). A similar apparent dissociation of fever 
from endogenous pyrogen has been described in animals previously made tolerant to 
endotoxin  (9). Although the 2 hour sera  of such animals  contain relatively little 
endogenous pyrogen,  the fever which they exhibit  may be comparable  to those of 
normal animals, provided  the doses of endotoxin injected are sufficiently large. 
Experiments of this type must be interpreted with caution. First of all, they 
bear primarily upon the intricacies of the endotoxin model and are probably 
not relevant to the pathogenesis of other common forms of fever, particularly 
those resulting from natural  causes.  Secondly,  they pertain  only to  special 
situations in which the normal production of endogenous pyrogen has been 
interfered with, and in which the dose of endotoxin is relatively large. Thirdly, 
they involve  a  very  insensitive  method  of  detecting  endogenous  pyrogen, 
namely the method of passive transfer (6)  (see study that follows (24)). Even 
though the evidence is conclusive that endotoxin may, under certain circum- 
stances, exert a  direct pyrogenic action upon the central nervous system (20, 
23),  the possibility remains that the dissociation emphasized by Bennett a  a/. 
(8,  9, 23) is more apparent than real. Indeed, in normal rabbits made febrile 
with typhoid vaccine the degree of fever present throughout the reaction has 
already been shown to be closely related to the amount of endogenous pyrogen 
in the blood stream (6). 
The fact that the leucocytic and the 2 hour serum pyrogens act by the same 
direct mechanism adds further support to the concept that they are one and the 
same substance (6). The conclusion that the endogenous pyrogen is of leucocytic 
origin is also confirmed by the recent observation of Bennett a  d. (8, 23) that 
induction of leucopenia with nitrogen mustard decreases the amount of endog- 
enous  pyrogen  produced  by  the  injection of bacterial  endotoxin. Both  of 
these findings strongly support the hypothesis previously advanced (6)  that 
endogenous pyrogen derived from injured leucocytes plays a central role in the 
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The endotoxin fever model,  however, is extremely complex.  In many ways 
it is unsatisfactory for studies dealing with the pathogenesis of fever in general. 
Not only may a  double pyrogenic mechanism be involved under certain cir- 
cumstances, as postulated by Bennett and his colleagues (8, 9, 20, 23), but the 
whole phenomenon of tolerance, which depends in part at least upon varying 
rates of clearance of the injected endotoxin (10, 11), introduces variables which 
appear to have no counterpart  in naturally occurring  fevers. 
The primary objective of the present investigations (5, 6,  18) has been to 
study the pathogenesis of fever, particularly as related  to  the febrile states 
most commonly encountered in clinical medicine.  Because of the complexities 
of the endotoxin model, which appear to set it apart from other forms of fever, 
the decision was made to turn directly to the study of fever caused by experi- 
mental  bacterial infections.  The results reported in  the paper which follows 
(24) indicate that in this form of fever also endogenous pyrogen plays a cen- 
tral role. 
SUMMARY 
By means of a method designed  to compare the febrile responses produced 
by intracarotid and intravenous injections, the endogenous pyrogen, which is 
contained in leucocytic exudates and is present in the serum of rabbits 2 hours 
after intravenous injections of typhoid vaccine, has been shown to act directly 
upon the thermoregnlatory centers of the brain. In contrast, the exogenous bac- 
terial pyrogen present in serum obtained S minutes after vaccine injections was 
found to act by a different and less direct mechanism.  These observations add 
strong support to the original hypothesis that endogenous pyrogen, presumably 
derived from polymorphonuclear leucocytes, is an essential  factor in the patho- 
genesis  of endotoxin fever. 
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